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DESCRIPTION 



Motor Drive Apparatus Capable of Accurately Estimating 
Demagnetization of Permanent Magnet Motor 

Technical Field 

dema T "T^ ^ t0 * of estimating 

demagnetization of a permanent magnet motor. 

Background Art 

Hybrid vehicles have recently been of great interest as environment-friendly 
vehicles. The hybrid vehicles are now partially commercialized 

A hybrid vehicle has, as its motive power sources, a DC (direct current) power 
supply, an mverter and a motor driven by the inverter in addition to a conventional 
engme. More specify, the engine is driven t0 seaire ^ ^ ^ ^ 
a DC votage from the DC power supply is converted by the inverter into an AC voltage 
«o be used for rotating ,he motor and thereby securing «he motive power source as well 
Japanese Paten, Laying-Open No. 2001-157304 discloses a motor drive system ' 
for a hybnd vehicle. The motor drive system estimates demagnetization of a 
permanent magnet of an electric rotating machine from the temperature of the 
permanent magnet according to date used for controlling the hybrid vehicle 

The conventional method, however, estimates demagnetization from the 
temperature of the pennanen, magnet which is estimated according to the control data 
for the hybrid vehicle, resulting in a problem mat the demagnetization cannot accurately 
be estimated. y 

25 Disclosure of the Invention 

An object of the present invention is thus to provide a motor drive apparatus 
cable of accurately estimating demagnetization of a permanent magnet motor. 

According to the present invention, the motor drive apparatus includes an 
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estimation unit and an operation handling unit. The estimation unit estimates an 
amount of demagnetization of a permanent magnet motor based on a voltage control 
amount of the q axis applied in a case where the permanent magnet motor is controlled 
using a d-q axis transformation. The operation handling unit limits operation of the 
permanent magnet motor when the amount of demagnetization estimated by the 
estimation unit is greater than a predetermined value. 

Preferably, the motor drive apparatus further includes a converter. The 
converter changes an input voltage necessary for driving the permanent magnet motor. 
The estimation unit corrects the estimated amount of demagnetization according to the 
level of the input voltage. 

Preferably, the estimation unit estimates the amount of demagnetization by 
comparing the voltage control amount of the q axis to be controlled with a reference 
value. 

Preferably, the estimation unit estimates the amount of demagnetization based on 
a difference between a reference value and the voltage control amount of the q axis to 
be controlled. 

Preferably, the estimation unit holds, in the form of a map, the reference values 
correlated with at least two revolution numbers to extract the reference value and 
estimate the amount of demagnetization. 

Preferably, the reference value is the voltage control amount of the q axis when 
no demagnetization of the permanent magnet motor occurs. 

With the motor drive apparatus of the present invention, the amount of 
demagnetization is estimated based on the voltage control amount of the q axis applied 
when the permanent magnet motor is controlled using the d-q axis transformation, 
namely the armature flux linkage in the direction of the q axis among armature flux 
linkages emitted from permanent magnets. Then, if the estimated amount of 
demagnetization is larger than a predetermined value, the operation of the permanent 
magnet motor is limited. 
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The present invention can in .his way estimate the amount of demagnetization 
accurate* and, baaed on ,he estimated amount of demagnetization, the permanent 
magnet motor can appropriately be handled. 
Brief Description of the Drawings 

Fig. , is a schematic block diagram of a motor drive apparatus according ,o an 
embodiment of the present invention. 

Fig. 2 is a circuit diagram of a converter shown in Fig. 1. 
Fig. 3 is a circuit diagram of an inverter shown in Fig. 1. 
Figs. 4A and 4B conceptually illustrate how to calculate an amount of 
demagnetization of a permanent magnet motor shown in Fig. 1. 

Fig. 5 conceptually shows a map held by a map holding unit shown in Fig l 
Fig. 6 is a timing chart of voltage commands of the converter shown in Fig 1 
Best Modes for Carrying Out the Invention 

Embodiments of the present invention are hereinafter described in detail with 
reference to the drawings. It is noted here that like components are denoted by like 
reference characters and the description thereof is not repeated. 

Referring to Fig. 1, according to an embodiment of the present invention a 
motor drive apparatus 100 includes a DC power supply 10, voltage sensors 1 1 and 12 a 
converter 20, a capacitor 30, an inverter 40, electric-current sensors 50, a rotational ' 
20 position sensor 70, and control devices 80 and 90. 

Converter 20 is connected between DC power supply 10 and capacitor 30 
Capacitor 30 is connected between a power supply line 1 and a ground line 2 

Voltage sensor 1 1 detects a DC voltage Vb which is output from DC power 
supply 10 to output the detected voltage to control device 90. Voltage sensor 12 
detects a tenninal-to-terminal voltage Vm of capacitor 30 to output the detected voltage 
Vm to control devices 80 and 90. 

Converter 20 increases DC voltage Vb from DC power supply 10 in response to 
signal PWM1 from control device 90 to apply the increased voltage to capacitor 30. 
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Capacitor 30 then smoothes the DC voltage from converter 20 «o app ly the smoothed 
DC voltage to inverter 40. 

Inverter 40 receives the DC voltage via capacitor 30 to convert the DC voltage 
into an AC voltage in response to signal PWM2 from control device 80 and thereby 
drive a permanent magnet motor 60. 

Electric-current sensors 50 detect motor currents Iu and Iv flowing through 
permanent magnet motor 60 to output the detected motor currents Iu and Iv to control 
device 80. In Fig. 1, there are provided only two current sensors 50 for the following 
reason. It is supposed here that permanent magnet motor 60 is a three-phase motor 
Then, motor currents Iu and Iv flowing through two phases respectively may be 
detected to calculate, from the detected motor currents Iu and Iv, motor current Iw 
flowmg through the remaining phase. Therefore, if these motor currents Iu, Iv and Iw 
.flowmg through respective three phases are to be detected separately, three current 
sensors 50 may be provided. 

Permanent magnet motor 60 which is the three-phase motor includes U, V and 
W-phase coils as stator coils. 

Rotational position sensor 70 detects a rotational position of a rotor of 
permanent magnet motor 60 to output a sensor value 9 indicative of the detected 
rotational position to control device 80. 

Control device 80 includes a revolution number detection unit 8 1, a three-phase 
to two-phase transformation unit 82, a current command generation unit 83, subtracters 
84 and 85, a PI control unit 86, a two-phase to three-phase transformation unit 87 a 
PWM generation unit 88, a map holding unit 89, and a demagnetized state calculation 
unit 91. 

Revolution number detection unit 81 receives sensor value 0 from rotational 
position sensor 70 to detect a motor revolution number MRN (number of revolutions of 
the motor) based on the received sensor value 9. Revolution number detection unit 81 
then outputs this motor revolution number MRN to current command generation unit 83 



WO 2005/025047 



PCT/JP2004/010091 



map holding unit 89, demagnetized state calculation unit 91 and control device 90. 

Three-phase to two-phase transformation unit 82 receives respective motor 
currents Iu and Iv from two current sensors 50, 50. Based on motor currents Iu and Iv, 
three-phase to two-phase transformation unit 82 calculates motor current Iw (= -Iu - 
Iv). 

Then, three-phase to two-phase transformation unit 82 performs three-phase to 
two-phase transformation on motor currents Iu, Iv and Iw using sensor value 9 from 
rotational position sensor 70. Specifically, three-phase to two-phase transformation 
unit 82 substitutes motor currents Iu, Iv and Iw and sensor value 9 into the following 
expression to calculate current values Id and Iq. 



Id 



-cos0 -cos((9-|^) _cos(6' + -^) 
3 3 



sin0 
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sm(0 n) 

3 J 



sin(0 + -7c) 
3 





~Iu~ 




Iv 




Iw 



•(1) 



More specifically, using sensor value 9, three-phase to two-phase transformation 
unit 82 transforms respective three-phase motor currents Iu, Iv and Iw flowing through 
respective three-phase coils of permanent magnet motor 60 into current values Id and Iq. 
Three-phase to two-phase transformation unit 82 then outputs the calculated current 
values Id and Iq to subtracters 84 and 85 respectively. 

Current command generation unit 83 receives a torque command value TR from 
an ECU (Electrical Control Unit) provided outside motor drive apparatus 100, receives 
motor revolution number MRN from revolution number detection unit 8 1 and receives 
voltage Vm from voltage sensor 12. Then, current command generation unit 83 
generates, based on these torque command value TR, motor revolution number MRN 
and voltage Vm, current commands Id* and Iq* for outputting the torque indicated by . 
torque command value TR, outputs the generated current command Id* to subtracter 84 
and map holding unit 89 and outputs the generated current command Iq* to subtracter 
85 and map holding unit 89. 



WO 2005/025047 



PCT/JP2004/010091 



10 



15 



20 



Subtracter 84 calculates deviation Aid between current command Id* and 
current value Id to output the calculated deviation Aid to PI control unit 86 
Subtracter 85 calculates deviation Ala between current command Iq* and current value 
Iq to output the calculated deviation Alq to PI control unit 86. 

PI control unit 86 uses a PI gain for deviations Aid and Alq to calculate voltage 
control amounts Vd and Vq for adjusting the motor current, outputs the calculated 
voltage control amount Vd to two-phase to three-phase transformation unit 87 and 
outputs the calculated voltage control amount Vq to two-phase to three-phase 
transformation unit 87 and demagnetized state calculation unit 91. 

Two-phase to three-phase transformation unit 8 7 performs two-phase to three- 
phase transformation on voltage control amounts Vd and Vq from PI control unit 86 
usmg sensor value 9 from rotational position sensor 70. Specifically, two-phase to 
three-phase transformation unit 87 substitutes voltage control amounts Vd and Vq from 
H control unit 86 and sensor value 6 from rotational position sensor 70 into the 
followmg expression to calculate voltage control amounts Vu, Vv and Vw to be applied 
to the three-phase coils of permanent magnet motor 60. 



Vu 
Vv 
Vw 



-COS0 



sinO 



-cos(j9--k) sin(6i-|^) 

-008(0+!*) sin(6>+-*) 
3 3 J 



Vd 



(2) 



In other words, using sensor value 0, two-phase to three-phase transformation 
unit 87 transforms voltage control amounts Vd and Vq applied to the d axis and the q 
«8 into voltage control amounts Vu, Vv and Vw applied to the three-phase coils of 
permanent magnet motor 60. 

Then, two-phase to three-phase transformation unit 87 outputs voltage control 
amounts Vu, Vv and Vw to PWM generation unit 88. 

PWM generation unit 88 generates signal PWM2 based on voltage control 
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amounts Vu, Vv and Vw and voltage Vm from voltage sensor 12 to output the 
generated signal PWM2 to inverter 40. More specifically, PWM generation unit 88 
sets the amplitude and width of a pulse according to the level of voltage Vm to generate 
signal PWM2. Here, if the level of voltage Vm is relatively higher, PWM generation 
unit 88 makes the amplitude of the pulse relatively higher while making the width 
thereof relatively smaller to generate signal PWM2. 

Map holding unit 89 holds a map showing a voltage control amount Vq_map of 
the q axis measured for each pair of current commands Id* and Iq*, and the control 
amount is correlated with at least two motor revolution numbers. This voltage control 
amount Vq_map is a voltage control amount of the q axis in a case where permanent 
magnet motor 60 is not demagnetized. 

Map holding unit 89 receives current commands Id* and Iq* from current 
command generation unit 83 and receives motor revolution number MRN from 
revolution number detection unit 81 to extract voltage control amount Vq_map 
correlated with these motor revolution number MRN and current commands Id* and Iq* 
and output the extracted control amount to demagnetized state calculation unit 91. 

Demagnetized state calculation unit 91 calculates, according to a method 
hereinlater described, an amount of demagnetization of permanent magnet motor 60 
based on voltage control amount Vq of the q axis from PI control unit 86, voltage 
control amount Vq_map from map holding unit 89 and motor revolution number MRN 
from revolution number detection unit 81, and limits the current to be flown to 
permanent magnet motor 60 or motor revolution number MRN of permanent magnet 
motor 60 or outputs operation signal OPE for outputting a warning to the outside if the 
calculated amount of demagnetization is greater than' a predetermined value. 
25 Moreover, demagnetized state calculation unit 91 corrects, with a method 

hereinlater described, the calculated amount of demagnetization according to the level of 
voltage Vm from voltage sensor 12. 

Control device 90 generates signal PWM1 for controlling converter 20 based on 
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torque command value TR from the external ECU, DC voltage Vb from voltage sensor 
1 1, voltage Vm from voltage sensor 12 and motor revolution number MRN from 
revolution number detection unit 81, and outputs the generated signal PWM1 to 
converter 20. 

More specifically, control device 90 calculates a voltage command for converter 
20 based on torque command value TR and motor revolution number MRN to generate, 
based on the calculated voltage command, DC voltage Vb and voltage Vm, signal 
PWM1 for setting voltage Vm to the voltage command. 

Fig. 2 is a circuit diagram of converter 20 shown in Fig. 1. Referring to Fig. 2, 
converter 20 includes NPN transistors Ql and Q2, diodes Dl and D2 and a reactor LI.' 
NPN transistors Ql and Q2 are connected in series between power-supply line 1 and 
ground line 2. Reactor LI has one end connected to the intermediate point between 
NPN transistor Ql and NPN transistor Q2 and the other end connected to the positive 
electrode of DC power supply 10. Between respective collectors and emitters of NPN 
transistors Ql and Q2, diodes Dl and D2 for allowing current to flow from the emitter 
to the collector of the transistors each are connected respectively. 

Fig. 3 is a circuit diagram of inverter 40 shown in Fig. 1 . Referring to Fig. 3, 
inverter 40 includes a U phase arm 15, a V phase arm 16 and a W phase arm 17. U 
phase arm 15, V phase arm 16 and W phase arm 17 are provided in parallel between 
20 power-supply line 1 and ground line 2. 

U phase arm 15 is comprised of NPN transistors Q3 and Q4 connected in series, 
V phase arm 16 is comprised of NPN transistors Q5 and Q6 connected in series, and W 
phase arm 17 is comprised of NPN transistors Q7 and Q8 connected in series. 
Between respective collectors and emitters of NPN transistors Q3-OS, diodes D3-D8 
for allowing current to flow from.the emitter to the collector of NPN transistors Q3-Q8 
each are connected respectively. 

The intermediate point of the phase arms each of inverter 40 is connected to an 
end of the phase coils each of permanent magnet motor 60. In other words, the end of 
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the u phase coU of permanent magMt motor 60 „ ^ ^ 

between NPN transistors Q3 and Q4, ,he end of the V phase ooil thereof is connected to 
the tntermediate point between NPN transistors Q5 and Q6 and the end of the W phase 
cod thereof is connected to the intermediate point between NPN transistors Q7 and Q8 

Figs. 4A and 4B conceptually illustrate how to calculate an amount of 
demagnetization of permanent magnet motor 60 shown in Fig. 1 The voltage 

generated by magnets of permanent magnet motor 60 appears in the direction of the q 
axis. 

Thus, according to the present invention, the amount of demagnetization of 
permanent magnet motor 60 is calculated based on voltage control amount Vq of the q 
axis that xs applied when permanent magnet motor 60 is controlled using the d-q axis 
transformation. 1 

In the case where permanent magnet motor 60 is controlled with the d-q axis 
transformation, the voltage of the q axis is represented by the following voltage 
equation: 

Vq = ad> - oLdld + Ri q ... (3) 
where a> is rotational angular velocity, » is armature flux linkage by permanent magnets 
Ld is inductance of the q axis, R is armature resistance, Id is d axis component of 
armature current and Iq is q axis component of the armature current. 

In equation (3), the term aLdld is used for field-weakening control. 
Fig. 4A shows a case where no demagnetization occurs while Fig. 4B shows a 
case where demagnetization occurs. If demagnetization does not occur, the armature 
flux linkage is <Dc and the voltage control amount of the q axis is Vqc. Then, in the ■ 
case where no demagnetization occurs, the following expression is established. 

Vqc = coOc - coLdld + Riq . . . (4) 
If demagnetization occurs, the armature flux linkage is «1 and the voltage control 
amount of the q axis is Vql. Then, in the case where demagnetization occurs, the 
following expression is established. 
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Vql = ©G>1 - coLdld + Rlq . . . (5) 
Expression (5) is then subtracted from expression (4); 
Vqc - Vql = oo (<Dc - Ol) 
<Dc-<Dl=(Vqc~Vql)/a)... (6). 

There is a relation <D1< <Dc in the case where demagnetization occurs so that the 
left side of expression (6) represents an amount of change in armature flux linkage, 
namely an amount of demagnetization. 

Therefore, the right side of expression (6) can be calculated to determine the 
amount of demagnetization. 

According to the present invention, voltage control amount Vqc of the q axis in 
the case where no demagnetization occurs is measured in advance for each pair of 
current commands Id* and Iq* and the resultant value Vq_map is held in the form of the 
map. Then, the measured value Vq_ma P> voltage control amount Vql to be controlled 
and rotational angular velocity a are substituted into expression (6) to determine the 
amount of demagnetization <I>c - ®1 . 

If the determined amount of demagnetization 3>c - <£1 is a positive value, 
demagnetization of permanent magnet motor 60 occurs. If the determined amount of 
demagnetization 3>c - d>l is zero, no demagnetization of permanent magnet motor 60 



occurs. 



Thus, according to the present invention, the amount of demagnetization is 
calculated based on voltage control amount Vq of the q axis in controlling permanent 
magnet motor 60 through the d-q axis transformation. Then, from the calculated 
amount of demagnetization, it is determined whether or not demagnetization of 
permanent magnet motor 60 occurs. 

Fig. 5 conceptually shows the map held by map holding unit 89 shown in Fig. 1. 
Referring to Fig. 5, this map MAP is comprised of a plurality of voltage control amounts 
Vq_map each located at a point of intersection between a line representing a motor 
revolution number and a line representing a torque. The white circles in Fig. 5 each 
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represent voltage control amount Vq_map. 

This map MAP includes voltage control amounts Vq_map for at least two motor 
revolution numbers MRNl and MRN 2. 

Regarding permanent magnet motor 60, the torque is a function between the d 
axis component Id and the q axis component Iq of the armature current, so that the 
torque shown in Fig. 5 represents the d axis component Id and the q axis component Iq 
of the armature current. Therefore, the fact that voltage control amount Vq_map is 
located at the point of intersection between a line representing a motor revolution 
number and a line representing a torque means that voltage control amount Vq_map is 
located at the point of intersection between the line representing the motor revolution 
number and respective lines representing the d axis component Id and the q axis 
component Iq of the armature current. In other words, map MAP is comprised of 
voltage control amounts Vq_map correlated with motor revolution numbers MRNl, 
MRN2 and the d axis component Id and the q axis component Iq. of the armature 
current. 

Referring again to Fig. 1, map holding unit 89 receives current commands Id* 
and Iq* from current command generation unit 83 and receives motor revolution 
number MRN from revolution number detection unit 81. As discussed above, map 
MAP is comprised of voltage control amounts Vq_map correlated with motor 
revolution numbers MRNl and MRN2 and d axis and q axis components Id and Iq of 
the armature current. Then, map holding unit 89 extracts from map MAP voltage 
control amount Vq_map located at the point correlated with current commands Id* and 
Iq* from current command generation unit 83 and motor revolution number MRN from 
revolution number detection unit 81 to output the extracted voltage control amount 
Vq_map to demagnetized state calculation unit 91. 

Demagnetized state calculation unit 91 receives voltage control amount Vq from 
PI control unit 86, receives voltage control amount Vq_map from map holding unit 89 
and receives motor revolution number MRN from revolution number detection unit 81. 
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Then, demagnetized state calculation unit 91 calculates rotational angular velocity a> 
based on motor revolution number MRN from revolution number detection unit 8 1 and 
substitutes the calculated rotational angular velocity a> and voltage control amounts 
Vq_map and Vq into expression (6). In this case, voltage control amount Vq_map is 
substituted for Vqc of expression (6) and voltage control amount Vq is substituted for 
Vql of expression (6). 

If the result of calculation <Dc - *1 is larger than a predetermined value, 
demagnetized state calculation unit 91 determines that demagnetization of permanent 
magnet motor 60 occurs to generate operation signal OPE and output this signal to the 
external ECU. In contrast, if the result of calculation 3>c - 0>1 is equal to or smaller 
than the predetermined value, demagnetized state calculation unit 91 determines that no 
demagnetization of permanent magnet motor 60 occurs. 

In this way, demagnetized state calculation unit 91 calculates an amount of 
change in armature flux linkage based on voltage control amount Vq_map which is 
measured in advance when no demagnetization of permanent magnet motor 60 occurs as 
well as voltage control amount Vq to be controlled and determines, from the result of 
the calculation, whether or not demagnetization of permanent magnet motor 60 occurs. 

If demagnetization of permanent magnet motor 60 occurs, sensor value 0 from 
rotational position sensor 70 reflects the demagnetization and accordingly, three-phase 
to two-phase transformation unit 82 transforms motor currents Iu, Iv and Iw into 
current values Id and Iq with sensor value 9 reflecting the demagnetization. Current 
values Id and Iq are thus influenced by demagnetization. 

PI control unit 86 then uses a PI gain for deviations Aid (= Id* - Id) and Alq (= 
Iq* - Iq) to calculate voltage control amounts Vd and Vq for adjusting the motor 
current, so that voltage control amount Vq is a value reflecting demagnetization. 

Accordingly, with the result of calculation <Dc - <D1 performed through 
substitution of voltage control amounts Vq_map and Vq into expression (6), whether or 
not demagnetization of permanent magnet motor 60 occurs can be determined. 
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Demagnetized state calculation unit 91 corrects, according to the input voltage 
of inverter 40, namely the level of output voltage Vm of converter 20, the amount of 
demagnetization Oc - 3>1 which is calculated by the above-described method. 

Fig. 6 is a timing chart of voltage commands of converter 20 shown in Fig. 1 . 
It is herein described above that voltage control amount Vq_map in the case where no 
demagnetization of permanent magnet motor 60 occurs is measured in advance. The 
measured voltage control amount Vq_map includes the dead time of NPN transistors 
Q3-Q8 that are components of inverter 40. 

Referring to Fig. 6, when the DC voltage applied to inverter 40 is 500 V, the 
voltage command of the q axis, namely voltage control amount Vq_map, is represented 
bysignalPLl. Signal PLl is a pulse signal with width Wl and height HI. This signal 
PLl includes dead time Dl. Dead time Dl has the same height HI as that of signal 
PLl and width w. 

When the DC voltage applied to inverter 40 decreases to 250 V, the voltage 
command of the q axis, namely voltage control amount Vq_map, is represented by 
signal PL2. Signal PL2 is a pulse signal with width W2 and height H2. Since the DC 
voltage applied to inverter 40 decreases from 500 V to 250 V, the width and height are 
those values represented respectively by width W2 = 2 x Wl and height H2 = (HI) / 2. 

Then, the dead time which should essentially be included in signal PL2 is dead 
time D2 having height H2 and width w. However, with voltage control amount 
Vq_map being measured at the DC voltage of 500 V, signal PL2 has the same dead time 
Dl as that of signal PLl if no dead time correction is made for addressing the decrease 
in DC voltage applied to inverter 40. In other words, signal PL2 includes an extra 
dead time D3 in addition to dead time D2 which should essentially be included. 

Accordingly, if the DC voltage applied to inverter 40 decreases, voltage control 
amount Vq_map has to be corrected by removing the extra dead time D3 . Moreover, 
if the DC voltage applied to inverter 40 increases, voltage control amount Vq_map has 
to be corrected by adding the shortage dead time. 
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Then, demagnetized state calculation unit 91 corrects voltage control amount 
Vq_map from map holding unit 89 by expressions (7) and (8) according to the leve. of 
voltage Vm from voltage sensor 12. 

Vq_map_ad = Vq_map ± Vdead_q. ... (7) 
Vdead_q - (Vmi - Vmi) « (Di) . (fc) . cos|3 . (3)'" (8) 
where Vmi ia input voltage to inverter 40 in measuring voltage control amount Vq_map 
Vmf ,s input voltage to inverter 40 under control, Di is dead time in measuring voltage ' 
control amount Vq^nap, fc is switching frequency of inverter 40, and p is ang!e fomted 
by the q axis and a current vector. 

In expression (7), the sign --- in the sign V indicates a decrease in DC voltage 
whtch is input ,„ inverter 40 and the sign » + - therein indicate* an increase in DC voltage 
input to inverter 40. 

Demagnetized state calculation unit 91 then substitutes the corrected voltage 
control amount Vq_ma P _ad, voltage control amount Vq ,o be controlled and rotational 
angular velocity a, into expression (6) ,o calculate the amount of demagnetization *c - 

In this case, since the amount of demagnetization <Dc - 3>1 is calculated using 
the corrected voltage control amount Vq_map_ad, the calculation of the amount of 
demagnetization Oc - «1 with the corrected voltage control amount Vq.map ad 
corresponds to correction of the amount of demagnetization <Dc - <D1. 

In other words, demagnetized state calculation unit 91 corrects the amount of 
demagnetization <Dc - <Dl according to the level of the input voltage to inverter 40 It 
is noted that the correction of the dead time according to the input voltage can be made 
by providing Vq_maps correlated with respective voltages. 

As motor drive apparatus 100 includes converter 20 as shown in Fig. 1 the level 
of voltage Vm applied to inverter 40 varies depending on the output torque of 
permanent magnet motor 60. 
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It » thus advantageous that the amount of demagnetization is corrected 
according to the leve, of me DC voltage apphed to inverter 40 in terms of accurate 
de.ermm.tion of the amount of demagnetization for motor drive apparatus 100 having 
converter 20. s 



If the switching of faverter 4Q changes _ ^ ^ to 

accordmgly changes. Therefore, according to the present invention, votage control 
amount Vq _map may also be corrected if the switching frequency of inverter 40 under 
control changes from the switching frequency of inverter 40 a, the time when voltage 
control amount Vq_map is measured. 

As discussed above, demagnetized state calculation unit 91 calculates the 
ddferenco between voltage control amount Vq _map of the , axis in me case where no 
magnetization of permanent magnet motor 60 ocours and voltage control amount V q to 
be controlled that is calculated by PI control unh 86 to estimate the amount of 
demagnetization According to the present invention, voltage control amount 

V, to be controlled may be compared with voltage control amount Vqjnap 
(corresponding to "reference value") ,o determine whether or no, demagnetization of 
permanent magnet motor 60 occurs according to the result of the comparison. 

In this case, demagnetized state calculation unit 91 determines that 
demagnetization of permanent magnet motor 60 occurs if voltage control amount Vq is 
smaller than voltage control amoun, V q_map and determines that no demagnetization of 
pertnanen, magnet motor 60 occurs if voltage control amoun, Vq is equal to vohage 
control amount Vq_map. 

Motor drive apparatus 100 described above is mounted on a hybrid vehicle If 
demagnetization of permanent magne, motor 60 occurs, the external ECU instincts 
control device 80 to stop permanent magnet motor 60 according to operation signal 
OPE from demagnetized state calculation unit 9 1 and accordingly performs control in 
such a manner mat the vehicle runs with the engine. The hybrid vehicle can thus be run 
safelv 
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It is seen from the above that accurate estimation of the amount of 
demagnetization of permanent magnet motor 60 is particularly effective if motor drive 
apparatus 100 is mounted on a hybrid vehicle. 

"Estimation means" for estimating the amount of demagnetization of permanent 
magnet motor 60 is comprised of map holding unit 89 and demagnetized state 
calculation unit 91. 

"Operation handling means" for limiting the operation of permanent magnet motor 60 is 
implemented by a function of demagnetized state calculation unit 91 of outputting 
operation signal OPE if the calculated amount of demagnetization is larger than a 
predetermined value, among several functions of demagnetized state calculation unit 91. 

Moreover, while it is described above that voltage control amount Vq_map is 
extracted according to current commands Id* and Iq*, the present invention is not 
limited to this and voltage control amount Vq_map may be extracted according to 
currents Id and Iq detected by current sensors 50 and undergo transformation by three- 
phase to two-phase transformation unit 82. 

Although the present invention has been described and illustrated in detail it is 
clearly understood that the same is by way of illustration and example only and is not to 
be taken by way of limitation, the spirit and scope of the present invention being limited 
only by the terms of the appended claims. 
Industrial Applicability 

The present invention is applied to a motor drive apparatus capable of accurately 
estimating demagnetization of a permanent magnet motor. 
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